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The Vree Diving Dinitrogen-lixing Bacteria

kw0 NG Tivation i restricted o prokaryotes Vhis chides typleal bactein i
spvecnded Bactena ke cyanobacierin and the actinomycetes: OFF the 10,000 0 50
Nl genvia named, only about 100 contaln I:‘nnls[l'la,[:- diazotiophile specie
Vhongh this may appear to be o somewhat Tinlted mnwwnl;lllnn, APECIeE e
sontmg Al oy of phivaiologioal types and ocenpytngg all sors ol ecolopdeal niches
hove Been desenbed Some of the gener ol free Hiving diazotophs e Hsted: in
Pable TV 4 These organisms encompasy such groups an heterotophic and
hemoautorophic bacterta, photoautotoph (hacterta and eyanobacterio), and pho
hererotophs with respect 1o cabon metabolism, Note also that they are well rep
resented by aerobes, mileroaerophilen that grow heat at low oxypen tension, L
alarve anaerobes, and obligate anaerobes, Such metabollc diverity enables some
ape ol diazotoph to colonize almost any tnagnable so of habitac tndeed, dig »
sotrophs are widdespread i natare an free Hving mterobes and e lagge anmbeg ol
Ao Batons with planes and antmals This great metabollc diversity means thae in all
sorts of enviconments, diazotrophs can ke contributions o the supply of fised
togen Tor growth of nontixing microbes and higher o ol e For example, dia
zorophs colonize the oot and thizospheres o many plane spectes and nuke sl
quantities o fixed nitogen avatlable o the plants,
-

Factors Aflecting Dinitrogen Fixation by Free-Living
Diazotrophs

Phi fancwe have discussed the complexities and unfqueness of the niogenae
complex:inthis section the factors that mst e successtully integrated for dnon
smbiotie diazotoph o tx dintiiogen will be disoussed, Tollowed by a deseription
ol the integration ol these lactors witly tespect 1o the functoning ol nonsymbiote Ji-
dzotophs i assoctation with higher plants, the so-called aysociative ay"mhlmcs.
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Tuble 13-4 List‘of genera of microbes which include free-living
————— strains. This list is not intended to be all-inclusive. ’

N,-fixing species or

€

Genus or type

Species (examples only)

Aerobes

Facultative
(aerobic when
not fixing

N>

Microaerophiles
(normal aerobes
when not fixing
N,)

strict anaerobes

Phototrophs
(aerobic)
cyanobacteria

Phototrophs
(microaerophiles)
cvanobacteria

Phototrophs

(facultutive) bacteria

Plictotrophs
(anaerobes)
bactenu

Azotobacter
Azotococcus
Azomonas
Beijerinckia
Derxia
Pseudomonas
Azoarcus
Acetobacter

Klebsiella
Bacillus
Enterobacter
Citrobacter
Escherichiu
Propionibacterium
Xanthobaucter
Thiobacillus
Azospirillum
Aquaspirillum
Methylosinus
Clostridium <
Desulfovibrio
Methanosarcina
Anabaena \”
Nostoc

Calothrix

(7 other genera of

heterocystous cyanobacteria)

Gloeotbece

Plectonema
Lyngbya -
Oscillatoria
Spirulina
Rbodospirillum -
Rhodopseudomonas
Chromatium
Chlorobium
Thiopedia
Ectothiospira

A. chroococcum’, A. vinelandii’
A. agilis*

A. macrocytogenes’

B. indica’, B. fluminis’

D. gummosa’®

P. stutzeri, P. saccharopbila

A. communis, A. indigens

A. diazotrophicus ~~

K. pneumoniae, K. oxytoca

B. polymyxa, B. macerans

E. agglomerans (Erwinia berbicola)

C. freundii

E. intermedia

P. shermanii, P. petersonii

X. flavus’, X. autotrophicus
e

T. ferro-oxic

A. lipoferum’, A. brasilense*

A. perigrinum?®, A. fascicilus®

M. trichosporum

C. pasteurianum?’, C. butyricum

D. vulgaris, D. desulficuricans
M. barkeri

A. cylindrica, A. inaequalis
N. muscorum

G. alpicola

P. boryanum
L. aestuarii

R rubnim
R. palustris

C. vinosum
C. limicola

E. shapovnikovii

Adlupied from Fostgate (1937). Used unth permission. See also Young (1992).

*“Sigrfies that all reponed struns of the species fix dinitrogen.
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Factors Affecting Dinitrogen Fixation by Free-Living Diazotrophs 0

Sources of Energy for Diazotrophs

-»With the exception of the phototrophic bacteria and cyanobacteria, all dia-
zotrophs require an organic or iﬁorganic. in the case of ‘chemoautotrophs, energy
source. A requirement for abundant energy sources is dictated by the high energy
demands of nitrogenase. Remember, a minimum of 16 ATPs are required to make
wwo molecules of ammonia from dinitrogert. A wide variety of carbon sources, rang
ing from methane (CH,) to complex carbohydrates, can be used by one diazotroph
or another. It is not usually the type of carbon source that limits dinitrogen fixation,
but the lack of an ample supply in many habitats that limits fixation by the nor-
) symbiotic bacteria. The soil is not an “organic soup” abundantly supplied with read—
;'/3» ily available carbon sources, and diazotrophs must compete with all the other soil
\J microbes for the same carbon. ~ —

In terms of carbon sources for energy, it is interesting to consider the efficiency
_ » of N, fixation according to the amount of carbon consumed per nitrogen Fu(ei?
P 77,1;4‘ 2 7’“ (Table 13-5). Note that the efficiencies of N, fixation in terms of mg of N fixed g

.  of carbon source are low, averaging about 15 mg N g U of carbon source. Also, the
AL teuls 4 assimilation of ammonium is about twice as efficient as N, fixation, and that fixation
AR -/ 77" by anaerobes is generally mutch less efficient than by aerobes. An exception to this
’//4‘5 ) . '

. Tuble 13-5 Carbon and energy sdurce requirements for heteroﬁophs grown in

" fjfd 10 YO g urk chemostats limited by the carbon and energy source.
; ' / Organism ' Carbon and Efficiency of ' Carbon and ener,
7&27&//{(’ ° energy source nitrogel:y incorpo- - expenditure‘ for I%Y
ration during growth fixation
67(&'LZLC (mgNg™' Cand
energy source used) Ib C used
' per 100 b i
| N, NH," (gCg ' N, of N, fixed
! Anaerobic growth by fermentation '
‘ Clostridium Sucro 11 22 46 4,600 (2,054
I‘ pasteurianum
. Klebsiella
' priemoniae  Glucose 8 19 72 7,200 3219}
' Aerobic growth *
- Klebsiella Glucose 15 35 38 3,800 (1,6%)
pneumoniae
(O,-limited)
. Azospirillum Malate 26 48 19 1,900 (848) :
brasilense '
Azotobacter Sucrose 16 63 47 4,700 (2,098) :
vinelandii - ;
(2-10 pM Oy) 3
Azolobacter Sucrose 7 38 117 11,700 (5,223)
vinelandii
(180 .M O,)

Adapted from Hill (1992). Used with permission. See also Giller and Day (1985).
“The 100-Ib figure is chosen as representative of a typical amount of fertlizer nitrogen that might be applied to a crop.

Numbers in ( ) are values in kg,
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